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A NEW COMPARISON BRIDGE FOR 
THE RAPID TESTING OF COMPONENTS 

• THE TREND toward complexity and 
more exactspecitications in electronic 
cKiuipment !ia.s l)een uccompanicHl by a 
tremendous increase in the (piantities pro- 
duccHl, and, as a r(*siilt, more* and more 
prtH’ise comptjiients — resi8toi*H, capacitors, 
and inductoi-s aiv l>eing uschI. In gen¬ 
eral, it is neeessar>^ to measure these com¬ 
ponents l)efore assembly, and this measurcmient, particularly for 1 per 
i!ent or 0.2o per cent components, is usually made <in a ^‘laboratory- 
type’^ bridge. As the number of components to be measured increases, 
the need grows for an accurate and simple, g(‘neral-purpos<? bridge for 
pHsluction testing, and, to (ill this nee<l. the Typk lOOI-A (’omparison 
Bridge, shown in Figure 1. has l>een dev(»loped. 

In making the most precise bridge measui-ements, a substitution 
metliod is used. In one 
form of the general 
method, the bridge is 
“slmulartlizwl” with a 
known standard im|>ed- 
ance that has nearly th(* 
same value as the un- 
knf)wn to lx* meiusured. 

In this case, the bridge 
is used primarily to 


Hgure 1. Panel view 
of the Type 1604-A 
Comparison Bridge. 
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meiusaro llie small dilTereiic’tt between 
t he standard and the unknown, and the 
elTect of the briflije errors approaches 
zero as the dilTerenee between the stand¬ 
ard and unknown approaches zero, d'lie 
'I'vPK Ib04-A Comparison Bridge is 
standardized in our calibrating lalxjra- 
tory at a l(X)t)-ohm impedance level, and 
the true bridge zero is hand calibrateLl. 
At this point the bridge errors are elTec- 
tively zero. By restricting the impedance 
difference range to ±5 per cent or =fc2() 
per cent, bridge errors stay small and 
we obtain “laboratory accuracy” on a 
“production-type” bridge. This bridge 
is sufficiently accurate so that this 
standardization at 1(K)() ohms will hold 
good from a few ohms to a few megohms. 
However, the stamlardization can be 
checked at any time by simply inter¬ 
changing the standard an<l unknown and 
noting that the bridge reading reverses. 

'rhe Tyiu: 1()04-A Comparison Bridge 
is completely self-contained, consisting 
of a cathofle-ray tube visual detector, 
bridge, and an oscillator which operates 
at 1 kc or 5 kc. It can be used to measure 
both impedance difference. aZ, and 
dissipation-factor flifference, aO (or 
storage-factor difference, aQ), for nf- 
sistoi*s, capaiMtore, and inductoi’S. By 



providing a A/^ or A(J balance as well 
as a aZ balance, a thorough check of 
components can be made. For example, 
if capacitoi's are being checked, not only 
will those that are outside capacitance 
limits be rejected, but also llu>se with 
almormal dissipation factoi*s. 

Ease of operation has been stressed, 
so that im^asuremenls can be made 
rapidly. Two dials, conveniently located, 
are rotated to balance the bridge, or, for 
more rapid operation, the dials can be 
used to calibrate the cath(Kh*-ruy tube, 
which then indicates the unbalance in¬ 
stantly. At balance, the dials indicate 
directly the /J or (J difference and the 
impedance difference between the stand¬ 
ard and unknown, expressed as a per¬ 
centage of the standard impedance. 
(Irdinarily, the bridge is used to check 
components from current proiluction or 
pun4iase lots against a similar com¬ 
ponent independently mea.sured and used 
as a stainlard. However, if a laboratory 
standard is used, rather than a sample 
component, the instrument becomes a 
precision laboratory comparison bridge. 

This bridge* can be used for the direct 
comparison of comi)onents over a very 
wide impedance range, from approxi¬ 
mately 212 to 20 Meg 12. The basic ai*- 
curacy of the bridge is dbO. 1 per cent, 
decreasing somewhat at the extremes of 
its impedance range, d'w'o impi^lance- 
difference ranges are provided; one, 
0 to =bo per cent for accurate compari¬ 
son of components close to each other in 
value; the other. 0 to d:20 per cent, of 
.somewhat h^sser accuracy, for (iiecking 
to the common tolerances of iblO per 
cent and :ir20 per cent. The irnpedanci*- 
difference flial is showm in Figure 2. 


Figure 2. Close-up of the 
impedance-difference dial. 
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CIRCUIT 

A schematic* diu^rarn of the 

hridge is shown in Fij^ire 3. A precision 
linear potentiometer in the ratio arms 
is used to provide a ±20 pc*r cent im- 
pcMlanee-difTerenee range. 'Fhis poten¬ 
tiometer is shunted to provide a ±5 per 
remt range f(»r more precise comparisons. 

differential capacitor across the nitio 
arms provides the dissipation-factor 
halance. The p«»int at wliich (he hridge 
is grounded can he switched, so that 
measurements can he made with the un- 
knomi either grounded or ungroundcnl. 

1'he detiH'tor is a I hrw-stage, high- 
gain. non-linear amplifier. 'J'he highly 
non-linear amplifier permits the hridge 
lo he halanccnl without continual reset¬ 
ting of the gain control. Halance is indi- 
l ated on a cathcxle-ray tul»e. The detec¬ 
tor time constant has he(*n made leas 
than 100 microseconds, so that, for prae- 
^ lical purposes, the error voltage appears 
instantly. 

The osc’illator is a conventional U-(’ 
phase-shift oscillator which i.s coupled 
to the hridge through a shielded hridg<’ 
(ransformer and a cathode follower. The 
<*alh<Ml(* follower eliminates any reaction 
of the hridge hack on the oscillator, 
while the sp(*cial transfonner shiehling 
prevents any unhalanc'ed voltages from 
the oscillator from affecting the hridge 
halance. A differential capacitor is us(hI 
to halance the capacitance from the 
(ransformer shield to tin* ends of the 
shielde<i winding. 

RANGE OF MEASUREMENT 

The upp(‘r and lower limits of imp<Ml- 
anc4‘ measurement with this type of 
hridge are determincfl by three main 


Figure 3. Elementary circuit 
of the bridge. 


factors: residual impedances, pickup 
from stray fields, and sensitivity. 

At high im|)edances tlu^sf* limiting 
conditions are: 

1. Parallel capacitance and resistance 
acnxss the measuring terminals of 
the hridge. 

2. Klectrostatic pickup Itecause of the 
high imptNl.'ince level. 

3. DecreasiHi sensitivity because of the 
load of the detector on the hridge. 

In the 'Fyi'k I004-.\ (^nnparison 
Hridge, the input imi>edanc(» of the detec¬ 
tor is high, and sufficient sensitivity is 
provided so that detector loading dot's 
not limit periormance. d'honaigh shield¬ 
ing within the hridge effectively elimi¬ 
nates errors from electrostatic pickup. 
However, in strong electrostatic fields, 
pickup e.xtemal to the hridge is jiossihle. 
(lenerally, this ejctenial [)ickup will he 
at (i0>- and can easily Ik* eliminated by 
inserting a filter, such as the 'I'yeK 
I23I-P5 Adjustable Filter, at the KIter 
jack on the panel. Parallel n*sistam*e 
.‘icross the meiusuring t4*rniinals is ('X- 
tremelv high arnl is completely, negli¬ 
gible. Shunt capacitance, however, d<M's 
limit the high im|x»dance range. When 
the unknown is ground«*d. the shunt 
capacitance, includes the capacitancf* 
of some shielding within (he hridge and 
is approximately 40 Msf. With the un¬ 
known ungroundfHl. however, (la* shield 
capacitance is placeil aero.ss the hridge 
rati(> arms and (\ is less t han ImxT. Since 
the hridge mejisures the ()arall(*l com- 
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Ijination of ihc impedanrr l.o he meas¬ 
ured and l.he stray capacitance across 
the measuring terminals, this extremely 
low value of shunt capacitance is neces¬ 
sary for high impedance measurements. 
An analysis of the bridge balance equa¬ 
tions shows t hat the error at high impe<l- 
ance is: 

For capacitance I -H ~ (See Figure 4.) 

t T 

For inductance I (See Fig. 5.) 

For resistance 1 -f a3^/?„^C,^(See Fig. 0.) 

For a maximum error of 0.1 per cent 
on the 5 per cent range, these expres- 
.sions must equal let.02 since 
(ld=.02) X 5 per cent = {5.0it0.1) per 
cent. This corresponds to a high imped¬ 
ance limit of 50 /i/if, 500h, 20 Meg at 
I kc. 

At low impedances the range is limitecl 

1. Series inductance and resistance in 
the standard and unknown bridge 
arms. 

2. Electromagnetic pickup because of 
the high currents at low impedance. 

3. Decreased sensitivity because of 
I lie load of the bridge on the 
oscillator. 

To maintain constant sensitivity, the 
voltage across the bridge must be held 
constant as tlie impedance level de¬ 
creases, This requires .supplying more 
power to the bridge. Since tliis power is 
limited, the low' impedance range is 
limited. Sufficient sensitivity to balance 


(Below) Figure 4, (below n'ghi) Rgure 5, 
(right) Figure 6. 


the bridge to within 0.1 per cent can be 
maintained to an impedance level of 
about 2 ohms. At this low impedance 
level, large currents (about 3^ ampere) 
flow through the bridge arms. The re¬ 
sultant electromagnetic pickup betw'een 
bridge elements causes an error in the 
bridge balance. This error has been kept 
small by careful placement of leads. Series 
inductance and resistance has been kept 
small by u.sing heavy bus-bar wiring in 
the bridge anns. The effect of this series 
impedance is further reduceil by keeping 
the bridge wiring as symmetrical as 
practicable. The low’ impedance limit 
of the bridge is shown in Figures 7, 8, 
and 9. For a maximum error of O.l per 
cent on the 5 per cent range, the bridge 
may be used to 2 0, 0.5 inh, 30 /nf at 1 kc. 

The impedance ditference and dissi¬ 
pation-fact or-di (Terence ranges are lim¬ 
ited by the effect of cros.s-coupling term.s 
in the bridge balance equations. As the 
imt)edance ditference increases, it causes 
an error in the measured dissipation- 
factor difference. Similarly, as the dissi¬ 
pation-factor difference increases, it 
caus(^8 an error in the measured impetl- 
ance difference. Because of these cro.ss- 
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i!uupling terms, we have limited the dis- 
^ Hipation-factor-difference range to zfc0.02 
where the maximum error in the imped¬ 
ance-difference measurement becomes 
0.1 per cent. Instead of limiting the 
impedance-difference range to about 2 
per cent, we have accepted a slightly 
larger error in the dissipation-factor- 
difference measurement. 

USES 

Because the bridge is calibrated in 
per-cent deviation, the job of sorting 
components to a given tolerance is 
greatly simplificMi. The high accuracy of 
the measurement, plus the fact that 
a/) or aQ as well as aZ is measured, 
insures an accurate production check of 
coraponcBts. 

The Type KKM-A Comparison Bridge 
can be used in either of two ways. First, 
an unknown can be compared against a 
^ suitable standard by rotation of the bal¬ 
ance dials of the l>ridge until thccathode- 
ray tube indicator shows a balance. The 
difference between the standard and un¬ 
known is then read from these dials 
directly. Second, the cathode-ray tube 
can be calibrated at the desired sorting 
tolerance and U8e<l to give an instantane¬ 
ous ‘^go, no-go" indication. The first 
method provides better accuracy, while 
fhe second permits really high-speed 
sorting. 

For production testing, the standard 
need not be a precision laborator>' stand¬ 
ard, but can be a component, similar to 
those being checked, which hiis been 
independently measured. A standard 
precisely at the desired value is not 
ne<*es8ar>’. since an offset zero is provided 
within the bridge. Thus if ±2 per cent 


resistors are being sorted and the avail¬ 
able standard is off il.3 per <’ent, the 
bridge zero can be offset exactly 1.3 |>er 
cent and the resistors checked as if a 
perfect standanl were available. 

To select or to check matche<i pairs 
of components, no standard is nect^ary 
The pair are simply connected to the 
standard and unknown terminals, the 
difference between the component-s l)oing 
indicated directly by the bridge. 

The Type ir>01-A Comparison Bridge 
is ideal for measuring center-tapped 
windings to l>e sure that the tap is cor¬ 
rectly centere<l. Similarly, two windings 
on the same core can be compareni for 
unity turns ratio. In these <?ases the 
measurement is made with identical <*ur- 
rents through the two windings. 

An example of a pro<Iuction problem 
at the General Radio Company shows 
the type of application for which the 
1'ype Comparison Bridge Im.s 

realizecl large economies in test time. A 
large air-core inductor, accurate to 0.2o 
per cent, is used in the frwtuency-<lis- 
criminator section of one of our fre¬ 
quency monitors. V'ariations in wire 
from spool to spool, winding tension, 
and other variables make it impossible 
to hold the inductance to a 0.25 per 
cent tolerance by .simpl}' counting turns 
us the coil is wound. As a result, these 
coils are wemnd with a few per cent more 
inductance than necess:ir\' and then 
"peeled down." The coils were formerly 
measured on a Type 6()7 Inductance 
Bridge to within O.l per cent, turns re¬ 
moved, and the measurement repeat^!. 
This process would then Ik? re|>eated as 
many times as nec^essary to liriug the 
coil within limits. The operation w'as 


(Left) Figure 7, (center) Figure 8, (right) Rgure 9. 
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tinH*-i’oiisiirniuK uidi ;i prcN'ision laltoni- 
Inry hriiljKv 'Fhe job ha.'; now bwn 
spnili^l up r-nnsi(lerably by a diriMM riini- 
parison with a staiuiard coil. 'Die* coil to 
be adjusted is placed on a turntable 
which luakes conliwt to one einl of ihc* 
windinv;. 'I’his contact is brouKht through 
a slip rint; to the tt:n)unded unknown 
terminal on the d'YCK 1(*»0-I-A C\)mt)ari- 
son MridRe. riie other end of the winding 
is coniiectiHl directly to the bridj^e. The 
bridKO instantly indicates that the coil 
is outsiile limits. Turas arc now removcnl 
while the coil is still connected to the 
bridal*. As each turn is removed, the 
<*atho<l(‘-ray tube instantly indicati's the 
H))proach to balance. When the balance 
condition is r(»ached, the wire from the 
coil is cut and soldered to its terminal. 
\n this way the coils are easily and 
quickly made identical within 0.1 |)er 
cent. 

The comparison bridge has also proven! 
very helpful in the mcfisurement of very 
.small capacitors. In tliis application the 
liridge is not used to compare two small 
capacitors, l»ut actually meti-sures one 
capaintor dirc'ctly. We had several lots 
of 1, 2, and .S M^f condensers to be 
chei'ked. 'riH‘se were quickly checked 
by [)lacing 100 ii^f capacitors at the 
standanl and iinknoum terminal.s of the 
bridge and setting the offset zero so that 
t he bridge indical<*a zero. By placing the 
small cai)acit.ors to be measureil in 
parallel with the 100 ^sf luipacitorat the 
unknown terminals, the small capacitor 
can be mea.sur(‘<i by re-balancing the 
l)ridge. riie dro per eent .scale now 
rea<ls io per cent of 100 uJ or Msf 


full s<.*ale. Kach division of the s<*ale (.mm* 
Figure 2) repre.staits 0.1 M^f- By suitable 
choice of the shunting capacitor, the full- 
S4*ale reading can be made any value. 
.\t rfc 1 M^f or less, full scale, stray capaci¬ 
tances fH'come very important and must 
be con.sidered if accurate measurements 
are to lie made. 

'Fhe <*omparison bridge is ideal for 
chwking gange<l potentiometers that 
must track each other within a given 
tolerance. .\ point-by-point mea.^iiri*- 
ment of a |)iiir of iu*n-linear i>otentiom- 
eters on a laboratory bridge can be very 
liiiK'-consuming and costly. By calibrat¬ 
ing the cathodc^-ray tube at the desiied 
tolerance and connecting the potenti¬ 
ometers to be checked to the standard 
an<l unknown terminals t)f the bndge. 
the potentiometers can be che<*ked in a 
siH'ond or two by simply rotating them 
through their range while watching the 
cathode-ray tul>e. P'ailure to track within 
the specilied limits at any |)oint is in¬ 
stantly indicated. 

Similarly, gangeii condensers for o.scil- 
latoi-s or filters can be (^het^ked in a .small 
fraction of the time refjuired by a point- 
by-point measurement. Furthermore, 
the conden.sers are not chcrkinl at a few 
discrete points but continuously over 
their whole range. 

'riK‘se are but a few of the possible 
applications for which the 'I'YeK lfi04-.\ 
Comparisijn Bridge can be u.sed, but 
they serve to illustrate its versiitility. It 
combines ea.se of operation with suffi¬ 
cient accuracy for component testing in 
nearly all pnaluction jobs. 

— M. C'. HoLTJh 


SPECIFICATIONS 


0«viotion Rang*: For jmp4‘ilHnri', ^ HJu| 

±2t)' f, by a panel switeh. For (li.'*.**ip:i- 

linn fartor, rt.OlS at 1 ke, ±.075 at 5 kr. 

Imp*danc* Rang* and Accurocy: Im|SNlaiU'('S bi'- 
2 U aini 20 MW ran hr romparrMl. For 


the 5t'f deviation range the basic accuracy i.** 
but at extreme values of impedance 
t he accuracy is somewhat jniorer. The riuige for 
n*si.slors, capaciUirs, and inductors for which 
the :i:0.1'yJ accuracy applies is giv'en in the 
tabic: 
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!L a 

I kr 2 11 20 Mil :k) - 50 

5 kP 4 11 2 Mil 2 ui .W 

£ 

500 Mh ^ 250 h 
2(K) mH 10 h 

TfR*?«* riiiigo tipply when mnipnriiig I’iiiiijio- 
neiilH whom* <liKsipatioii faetor dinereiireis <|o not 
«*xceiHl ,02. (-)n tlie 20% deviation raiiKe the 
jMM'uniey in O.S^^v over the siinu* irnpe<iMiiee 
rangiv. 

Dittipolion Factof Accuracy; Th(‘ ueeuraey i»f 
mejiaiirenient of differeiu*es of diartipution fHe0)r 
at I ke ia d:l .(K105-h2% of the iinfH'duiiee 
diffen'iin*). and at 5 ke, ::fc:J.(M)25-f2^, of thf 
imjM*danei* difTertaie**!. 

Fraquuncy: rnnueiHMea of I ke and 5 ke tire firo- 
vided, (*rlee!4*d by panel switch. The frec|neiiry 
ia within ±3% of the nominal value. 

Oreunding: Two ground po.sitioiia an> nrovidtal, 
one of whieli gn>utid.s the junction of fW attuid- 
ard and unknown itnpedantM^. With this con¬ 
nection the totJiJ impedancc^a l>etwfen the high 
terminalH and ground are compared. In the 
other connection the junction of the rata» arms 
of the hriilge is grounded, leaving laith terniiiuils 
of the* standard and unknown ungi'oundc<l. 
With this coniifa'tioTi the din'ct imfH'<lan<*<* la^- 
twiaMi terininnls of a •'omp«»nent is me!l^ure 1 i, 


and terminul itn|H‘«iane(« to ground, within 
I'crtain limits, w 111 iK>t affect the bridge buluni***. 
Vottog* Applied to Unknown: Approximately one 
volt, for imptalanct's alatvc SOOil Fitr lower 
vulut;s of imptahuice the voltage is decreas4*d. 
<*<»rresjK»nding to u .si>un*e iinfMflani**' of the 
order of 100 11. 

Zero Adjustment: All adjustalile index mark is 
provided with locking means so that the zero 
c.iui he offsi't t<i corrc'sjKind to the deviation of 
the stondanl component from the dt'sired 
nnmiTial value. 

Accessories Supplied: Ijiiu'-CotirKa'tor cord. 
Accessories Roguirod: Por gciiend purptst^ US4* 
adjustable calibratisl standards such as the 
Type 1432 Deeude Resistors, Type 219 Dec:u!** 
Capacitors, and Type 1490 Decade Inductors. 
TLxcil standards such aa the Type 509 Standard 
Capacitors, Type 1481 Inductors, and Type 500 
Resistors may also Ite usthI whenever apjjro- 
priate values an* availabh*. 

For prodwtioii tests, the standard is often a 
coinfKinent of thi* tyjs* to Is* tested, that has 
been measured indep4‘n<lently or othenviw 
seleeted. 

Mounting: Welded aluminum cabinet. 

Dimensions: (Width) 12 inches, (height) 14 
inches, (depth) 10 ineht*s. 

Net Weight; 22pounds 


Type Cinte Word f*nef 

1604-A Comporison Bridge. K\TTY $335.00 

l.ii'imMNl under patents nt the Radio Corporation of Amenes 


NEW BRANCH PLANT 


l{(*C()gnizing that the denmnds of un- 
other emtTgeney could not Iw met by th<» 
I ben-available facilities, the (leneral 
Kutliti Company, in 1948, began to ex¬ 
plore the possibilities for expansion. Any 
further major expansion was, for many 
reasons, all bill impo.ssible at the present 
location in ('ambridge. After a careful 
.*<f*arcli, accompanied liy an analysis of 
the* residence locations of its employees, 
availability of suitable local manpower 
potils, acce.ssibility, including nearness 
to highway and mil way facilities, a build¬ 
ing site was chostm in a country' di.strict 
in West ('oncord, Massachusetts, .some 
eight miles we.sl <if (’ambridge. 


About eighty acre's of land were pur- 
chaseii to allow for adei|uate open space 
around any buildings that might eventu¬ 
ally l>e constnu'lfMl. 

'The Korwui trouble brought tlie ntHMi 
sooner than could have l)et*n expected. 
In the late spring of 1950 the rearma¬ 
ment program began in eariu^t, and 
(leneral Radio was called upon to make 
its contril)Ution of pre<*i.sion test ecpiip- 
ment and comjionents at a rale far lie- 
yond the capacity of it.s plant. In fact, 
the ascending curve of n(»w defeiusc 
orders matehe<i rlu.sely the curve caiis(*d 
by the rearmament program beginning 
in 1910 
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l^lans for construction on the new site 
were drawn up immediately, but before 
construction could be started a certifi> 
cation of the necessity of this new facility 
was required. This was issued by the 
National Production Authority upon 
the request of the Department of De¬ 
fense, and building was started in July, 


1951. The first production operations 
began in April, 1952. 

This modern, fireproof plant has 
seventy-two thousand square feet of 
floor space and is devoted to manufac¬ 
turing, with au.xiliary shipping, receiv¬ 
ing, and stockroom facilities. 



I tAint^ay SOAtOD K4i«wa Oo 


Vi«w of the new General Radio branch plant at West Concord. Most. 
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